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Abstract 
The role of Cyclophilin A (CypA) is extensive, having a hand in a plethora of pathological 
conditions including HIV-1 infection, organ transplants, and cancer. CypA is an enzyme that 
reversibly catalyzes the cis-trans isomerization of peptidyl-prolyl bonds, a reaction necessary in 
various biological pathways. Because CypA can participate in proline isomerization without 
partaking in bond breakage or formation, its structural dynamics is a target of rigorous research. 
In previous studies, it has been shown that conserved water molecules serve a significant role to 
the structure and function of an enzyme. In this study, we propose that a specific helix-turn-coil 
motif that contains a water molecule acts as an allosteric regulator for the distal active site of 
CypA. Through analysis of X-ray crystal structures of CypA, the water residue of interest is 
found to be highly conserved. Using microsecond-long Molecular Dynamics (MD) simulations, 
we demonstrate that altering the chi-1 dihedral angle (X1) of a Phenylalanine-46 residue (F46) 
within the helix-turn-coil motif can significantly affect the conservation of the water molecule of 
interest, suggesting that F46 serves as a Gatekeeper to the water residue. Through the use of free 
energy calculations, we demonstrate that altering the F46 X1-dihedral angle can significantly 
affect the binding free energy of the active site of CypA, indicating that the motif, though distant 
from the active site, is significant to the dynamics of the enzyme. This study provides a viable 
example as to how hydration sites can affect the function of an enzyme, which can benefit 
protein engineering and drug design. 
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